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Plant-Tissue Analysis 
as a Diagnostic 
Aid in Crop Production 
J. E. SEDBERRY, JR., M. c. AMACHER, D. P. BLIGH, AND 0. D. 
CURTIS 1 
Various diagnostic techniques have been employed for evaluating the 
fertility status of soils for crop production. Soil testing and the results 
obtained from fertilizer and lime experiments conducted on soils of a 
certain physiographic area have been used, to a large extent, to make 
recommendations for increased crop production. 
Another diagnostic technique that has been successfully used to eval-
uate the nutrient supplying capacity of a soil is the chemical analysis of 
plant tissue. The technique is based on the concept that the higher the 
concentration of a particular nutrient in the plant, the higher its availability 
is in the soil. This method, developed by Lundegardh in 1945, appears 
to be sound since nutrients present in the plant must originally have been 
in the. soil. Unfortunately, however, the technique also has its shortcom-
ings. The concentration of nutrients in plants depends not only on nutrient 
availability in the soil but also on a host of other factors such as the kind 
of tissue, age of the plant, and the supply of other plant nutrient elements 
(Chapman, 1966). 
A basic relationship exists between the concentration of a nutrient 
element in plant tissue and the growth or yield of the plant. This is 
illustrated in Figure I . 
When nutrient concentration of the plant is low, rate of growth is also 
low. As growth rate increases, nutrient concentration decreases slightly 
at first (a) due to dilution brought about by higher production of plant 
material. In the next stage (b) , growth rate is improved without any 
'Professor, Associate Professor, and Research Associate, Department of Agronomy, 
Louisiana Agricultural Experiment Station, and Specialist (Soil Fertility), Louisiana Co-
operative Extension Service, Louisiana State University Agricultural Center, Baton 
Rouge, La. 70803 . 
This is a contribution to state project LA 1835-lmprovement of soil testing techniques 
and calibration of soil tests for P, K, pH. 
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Fig. 1. Relationship between the nutrient content of the tissue and the growth of 
the plant (Smith, 1962). 
marked change in nutrient concentration ( c) . As the nutrient availability 
is increased, the growth rate and nutrient content also increase until the 
critical level is attained. Further improvement of nutrient availability does 
not have any significant influence on the growth rate, even though nutrient 
concentration is enhanced. Inordinately high levels of nutrients in plant 
material may be toxic, and growth may be retarded and even reduced. 
The kind of plant tissue , age of the plant, climatic factors , and physical 
and chemical soil properties influence the nutrient content of plant tissue . 
A concentration of 0.2 percent phosphorus (P) in the straw of cereals 
may be adequate for mature plants but may be very low for seedling 
plants. A potassium (K) concentration of 0.6 percent in the grain of oats 
may be high, but the same concentration in leaf tissue may be too low 
for optimum production. It is obvious from these examples that age of 
the plant or the particular plant part must be considered to compare 
samples from different locations to determine fertilizer requirements. 
In general, nitrogen (N) , P, and K concentrations in plant tissue de-
crease with age, whereas the concentrations of calcium (Ca), magnesium 
(Mg), manganese (Mn) , and boron (B) increase (Table 1). Young leaves 
contain high amounts of N, P, and K, while older leaves accumulate Ca. 
Leaf samples for tissue analysis should be of the same physiological age 
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and from the same position on the plant. 
Tissue analysis reflects nutrient uptake conditions in the soil. Even 
though soil analysis indicates a sufficiency of plant nutrients, soil prop-
erties, including hard pans, poor drainage, or a high water table, may 
inhibit the uptake of nutrients by plants. Conversely, favorable soil phys-
ical properties and optimum soil moisture may accentuate nutrient uptake, 
even though the soil may not have an abundant supply of essential nu-
trients. A high concentration of one nutrient in the plant may also result 
from an inadequate supply of another nutrient. This is especially true of 
N, since a deficiency of N usually results in an accumulation of other 
mineral elements. In interpreting plant analysis data, the ratios of certain 
nutrients such as K and Mg in forage crops should be determined and 
evaluated in addition to actual amounts contained in the tissue. 










'Source: Smith, P. F. (1962). 
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A requirement of tissue analysis data is that it correlate fairly well with 
soil tests. Some individuals have stated that leaf analysis can replace soil 
analysis and vice-versa. The relationship between nutrient concentration 
in plant tissue and extractable nutrient content of the soil generally follows 
a curve similar to the one presented in Figure 2. 
The data in Figure 2 also show that above the critical nutrient level, 
only small changes in plant nutrient concentration may occur despite 
significant increases in nutrient content in the soil. This indicates that 
plant analysis is a good diagnostic guide at the low range of nutrient 
availability. At high fertility levels, leaf analysis or plant analysis lacks 
sensitivity; therefore, soil analysis appears to be more appropriate at these 
levels. 
The essential feature of tissue analysis is the establishment of the critical 
level, a point at which no further yield increase results from an increase 
in nutrient concentration. Critical levels for different macro- and mi-
cronutrient elements have been established by a number of investigators 
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Fig. 2. Relationship between the nutrient content in the soil solution and the nutrient 
content in the plant (Mengel and Kirkby, 1978). 
ear leaf of com at the early silk stage of plant development. 
According to Jones (1967), the critical values shown in Table 2 were 
selected to assist in interpretation of plant analysis in the Ohio Plant 
Analysis Program. The critical values were established after careful re-
view of current literature and results of field trials. The values relate · 
specifically to a particular plant part sampled at a definite stage of growth. 
These plant analysis data cannot be used for interpretation of analysis for 
other plant parts sampled earlier or later than the time specified. 
The number of soil and plant tissue samples analyzed by state and 
commercial laboratories from 1968 to 1983 is presented in Table 3. The 
number of plant tissue samples tested has been recorded except for the 
years 1972, 1974, and 1976. The largest number of plant samples ana-
lyzed, more than 500,000, occurred in 1973. Since 1980, commercial 
laboratories are doing an ever increasing share of this type of testing. 
Since there is no designation of source of samples, it is difficult to 
determine what percentage of the plant samples analyzed are for research 
purposes, a role frequently played by the laboratories operated by the 
various states. Assuming that most of the plant tissue samples analyzed 
by commercial laboratories are farmer samples, California (75,891) leads 
in the number of samples analyzed , followed by Arizona (60,565), Idaho 
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(29,160), Washington (12,482), Oregon (12,109), and Minnesota 
(11, 110). The top five state laboratories engaged in plant analysis activity 
are Wisconsin (28,100), Hawaii (16,968), Arkansas (15,570), Georgia 
(13,937), Minnesota (12,229), and Alaska (11,096). Sixteen state lab-
oratories, including Louisiana, do not provide plant analysis services, 
while nine states analyze less than 1,000 and 11 other states analyze from 
1,000 to 5,000 plant samples per year. It is anticipated that the number 
of plant tissue samples analyzed, particularly by commerical laboratories, 
will continue to increase at the current rate of 34 percent per year (Jones, 
1985.) 
Thus, the foregoing discussion illustrates the usefulness of plant tissue 
analysis, places it in perspective with regard to soil testing and fertility, 
and summarizes its advantages and disadvantages. The objective of this 
bulletin is to summarize the results of analyses of plant samples collected 
from field studies conducted over a 36-year period in Louisiana (Reports 
of Projects, Department of Agronomy, 1949-1985; Peevy et al., 1972, 
1978; Bonner et al., 1984; Sedberry, 1954; Sedberry et al., 1969, 1971, 
1973, 1978, 1980, 1983) with respect to deficient, low, and sufficient 
concentration ranges of nutrient elements for several agronomically im-
portant crops. 
Table 2.---Critical values used to classify a plant analysis of corn ear leaf tissue 
(Jones, 1967) 
Sufficiency ranges for earn* 
Category 
Element Deficient Low Sufficient High Excess 
% 
N < 2.45 2.46-2.75 2.76-3.50 3.51-3.75 > 3.75 
p < 0.15 0.16-0.24 0.25-0.40 0.41-0.50 > 0.50 
K < 1.25 1.26-1.70 1.71-2.25 2.26-2.50 > 2.50 
Ca < 0.10 0.11 -0.20 0.21-0.50 0.51-0.90 > 0.90 
Mg < 0.10 0.11-0.20 0.21-0.40 0.41-0.55 > 0.55 
ppm 
Mn < 15 16-19 20-150 151-200 > 200 
Fe < 10 10-20 21-250 251-350 > 350 
B < 2 3-5 6-25 26-35 > 35 
Cu < 2 3-5 6-20 20-50 > 50 
Zn < 10 11-20 20-70 71-100 > 100 
/h) Always Sufficient 
Al < 200 201-400 > 400 
*Ear leaf sampled when in initial silk. 
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Table 3 .-Number of soil samples of soil and plant tissue analyzed by state and commercial laboratories, 1968 to 1983 
Number of Soil Samples Tested 
Year State lobs ComrMrciol lobs Total 
19681 1,295,390 2,242, 141 3,537,531 
19721 1,296,453 1,214,384 2,510,837 
19731 1,025,767 1,066,513 2,092,280 
19741 1, 154,309 847,030 2,001 ,339 
19751 1,327,"65 923,812 2,251 ,277 
1976' 1,724,243 1,425,265 3, 149,477 
19771 1,727,243 1,448,336 3, 175,579 
19781 1,4'0,886 1,229,746 2,780,632 
19791 1,500, 192 1,534,328 3,034,520 
19802 1,639,815 1, 149, 167 2,786,981 
1981' 1,792,362 1,655,943 3,448,305 
19822 1,586, 163 1,255,892 2,842,055 
19832 ,1,641 ,416 1,328,627 2,970,043 
' Report of Nationwide Survey of Soil Testing and Plant Analysis, USDA Report. 
'Sumly results obtained by the Council on Soil Testing and Plant Analysis. 
Number of Plant Tissues Analyzed 
State lobs ComrMrciol lobs 
149,800 177,109 





















The research summarized here was initiated in 1949 by the late Dr. 
M. B. Sturgis, Head, Department of Agronomy, Louisiana State Uni-
versity, and continued through 1985 by personnel of the Louisiana Ag-
ricultural Experiment Station. The plant-tissue samples were collected 
from replicated experiments located on farmers' fields and on research 
station sites. Details of experiments and methods of data analysis can be 
found in the following references: Bonner et al., 1984; Peevy et al., 1972, 
1978; Reports of Projects, Department of Agronomy, 1949-1985; Sed-
berry, 1954; and Sedberry et al., 1969, 1971, 1973, 1978, 1980, 1983. 
The plant-tissue samples were washed three times in distilled water 
and placed in cotton bags for drying at 70°C in a forced-draft oven for 
48 hours. The dried samples were gound in a stainless steel Wiley mill 
to pass a 20 mesh screen and stored in glass jars. One-gram samples of 
plant tissue for all of the plant-nutrient elements except B were digested 
in a 3:1 volume to volume mixture of concentrated HN03 and HC104 • 
Plant samples were prepared for B analysis by dry ashing in a muffle 
furnace for 4 hours at 550°C. The ash was dissolved in 3 N HCl. The 
vanadate-molybdate yellow method proposed by Chapman and Pratt 
(1961) was used to determine P concentration in the plant tissue. Nitrogen 
was determined by the Kjeldahl method as outlined by the AOAC (Wil-
liams, 1984). 
Potassium, Ca, Mg, S, Cu, Fe, Mn, and Zn were determined by either 
flame photometry, atomic absorption spectrophotometry, or inductively 
coupled plaza emission spectrophotometry. Molybdenum was determined 
colorimetrically following the addition of a 10 percent solution of am-
monium thiocyanate and a solution of sodium nitrate and stannous chlo-
ride. The orange colored Mo thiocyanate complex was concentrated and 
separated with isopropyl ether. The concentration of B in plant tissue 
was determined colorimetrically by the curcumin method (Williams, 
1984). 
Results and Discussion 
Various diagnostic techniques have been employed for evaluating the 
fertility level and lime status of soils for crop production. These include 
soil testing, plant analysis, field and green house investigations, and 
laboratory experiments. 
In prior years, visual deficiency symptoms were considered to be a 
very effective technique for recognizing acute deficiency of plant-nutrient 
elements. Today, recognizable symptoms of acute deficiency are not 
always apparent, and the term ''hidden hunger'' has appeared in the 
literature (Mengel and Kirkby, 1978). 
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The current fertilizer and lime practice in Louisiana is based primarily 
on results of fertilizer and lime experiments conducted on soils repre-
sentative of a certain physiographic area. Replicated field experiments 
have been shown to be a very effective means of evaluating natural 
enviromental factors that influence yield. 
Plant composition data have been used by some individuals as a basis 
for formulating fertilizer programs , the idea being that the quantities of 
elements removed by the crop should equal the quantities replaced by 
the fertilizer. This approach ignores such important factors as losses by 
leaching, fixation by the soil in an unavailable form of certain elements, 
and efficiency of different plants in absorbing certain elements. When 
considered with these factors , however, such data can be useful in the 
formulation of a sound fertility program. 
Plant analysis would appear to be a logical approach to evaluating the 
nutrient-supplying power of the soil. Unfortunately, there are many fac-
tors beyond availability of the nutrient that influence the amounts of that 
nutrient in a plant. The concentration of any nutrient varies with the 
particular cultivar and plant part of a given cultivar, physiological age 
of the plant material, environmental conditions immediately before plant 
sampling, and nutritional status of other elements. According to Prevot 
and Ollagnier as reported by Smith (1962), the critical level of P in the 
peanut is variable, depending upon the supply of N; consequently, about 
0.16, 0.20, or 0.24 percent in the leaf are each critical levels for P when 
N is about 2.5 , 3.0, or 3.5 percent, respectively. Some researchers have 
maintained that the method affords information for most elements too 
late in the season for effective correction in that ~ear. Nevertheless , plant 
analysis is a most useful tool in trouble shooting soil fertility problems 
(Olson, 1982). 
Plant composition data in Table 4 show concentrations of nutrient 
elements in specific plant parts of major row and pasture crops grown in 
Louisiana in relation to sufficiency for optimum crop production. The 
results shown were obtained from data compiled from various field ex-
periments conducted over a 36-year period as previously referenced. The 
criteria used for establishing deficient, low, and sufficient concentration 
ranges of nutrients are as follows: 
Deficient: Nutrient concentration below which a yield response 
is expected under normal growing conditions. 
Low: Nutrient concentrations in this range represent hidden 
hunger, and a yield response may or may not be ex-
pected depending on growing conditions. 
Sufficient: Nutrient concentration above which no yield response 
is expected. 
One of the greatest values of leaf analysis is in the prevention of 
deficiencies, rather than their correction after they appear. Thus , trends 
in leaf concentration during a growing season or over a period of years 
10 
may be studied in relation to fertilizer programs to determine whether 
the supply of one or more elements is adequate for sustained high yields. 
A downward trend in an element can be detected before severe deficiency 
actually develops. Such a technique can be used on perennial crops such 
as alfalfa and sugarcane or with continuous cropping of annual crops on 
the same site. 
One of the useful attributes of leaf analysis is to indicate that a lack 
of response to applied plant nutrients may be a lack of absorption, trans-
location, and/or utilization. In certain cases, relatively high rates of N, 
P, and K applied to soils with a high water table or hard pan have failed 
to improve yields. Where these conditions exist, leaf analysis indicated 
that N, P, and K were not absorbed by plants . Such lack of association 




Table 4.-The concentration of the essential plant-nutrient elements in the plant leaf tissue of major crops in relation to sufficiency of crop 
production 1 
Plant Alfolfo2 Bermudograss3 Coin• Cotton' 
nutrient Medicogo sativo Cynodon dactylon Zea mays Gossypium hirsutum 
element Deficient low Sufficient Deficient low Sufficient Deficient low Sufficient Deficient low Sufficient 
N,% 4.0 < 1.3 1.3-2.0 > 2.0 < 2.0 2.0-2.5 > 2.5 < 2.14 2. 14-2.79 > 2.79 
P,% < 0 .20 0.20--0.25 > 0.25 0 . 12 0.12-0.20 0.20 < 0.15 0.15-0.20 > 0 .20 < 0 .18 0. 18-0 .28 > 0.28 
K,% < 1.75 1.75-2.00 > 2.00 < 1.0 1.0-2.0 > 2.0 < 1.5 1.5-2.0 > 2.0 < 0.90 0.90-1.50 > 1.50 
Ca,% < 1.00 1.00-1.80 > 1.80 < 0. 13 0 .13-0.35 > 0 .35 0.10 0 .10-0.20 > 0.20 < 0.80 0 .80-1.02 > 1.02 
Mg,% < 0 .20 0 .20--0.30 > 0 .30 < 0.08 0 .08-0.18 > 0 . 18 0 .10 0 .10-0 .15 > 0. 15 < 0.42 0.42-0.n > o.n 
S,% < 0 .20 0 .20-0.25 > 0.25 < 0. 10 0.10-0.20 > 0 .20 0 .15 0.15-0.20 > 0.20 < 0.20 0 .20-0 .27 > 0.27 
8,ppm < 15. 15-20 > 20. < 5. 5-10 > 10. < 2. 2-5 > 5 . < 15. 15-20 > 20. 
Cu,ppm < 2. 2-4 > 4. < 2. 2-4 > 4. < 1. 1-2 > 2. < 4. 4-8 > 8. 
Fe, ppm < 20. 20-30 > 30. < 25. 25-50 > 50. < 10. 10-20 > 20. < 25. 25-40 >40. 
Mn, ppm < 15. 15-20 > 20. < 10. 10-20 > 20. < 9. 9-15 > 15. < 14. 14-25 > 25. 
Mo,ppm < 0 .3 0 .3-0.6 > 0.6 < 0 .03 0 .03-0 .1 > 0 .1 < 0. 1 0 .1-0 .5 > 0 .5 < 0.50 0 .50-1.0 > 1.0 
Zn,ppm < 10. 10-20 > 20. < 10. 10-20 > 20. < 15. 15-20 > 20. < 15. 15-25 > 25. 
'Plant tissue samples collected by M. 8. Sturgis, J . G. Marshall , J . Y. Oakes, J. l. Rabb, l. W. Sloan, l. E. Golden, 0. D. Curtis, S. A. Phillips, M. M. Eichhorn, D. P. 
Bligh, M. Amacker, F. J. Peterson, F. E. Wilson, and J. E. Sedberry, Jr. 
21.eaves at first bloom. 
>common and Coastal bermudograss leaves and stems at early seed head . 
•Leaf adjacent to ear at early silking. 
'Top-mature leaf at early boll . 
6Y--leaf when panicle reached 2 mm in length. 
'Top mature trifoliolate leaf at the R5 stage of plant development. 
' fourth mature leaf from top of plant at 4 months of growth. 
"leawtS sampled when first ears or spikes were just visible (Feeke scale 10.1). 
...... 
VJ 
Table 4 (continued) 
Plant 
Rice• Soybeans' Sugarcane' Wheat• 
nutrient 
Oryza sativa Glycine max Saccharum officinarum Triticum aestivum 
element Deficient Low Sufficient Deficient Low Sufficient Deficient Low Sufficient Deficient Low Sufficient 
N,% < 2.5 2.5-3.0 > 3.0 3.5 < 1.25 1.25-1.50 > 1.50 < 2.5 . 2.5-3.0 > 3.0 
P,% < 0.12 0 . 12-0.20 > 0.20 < 0.10 0 .10-0.25 > 0.25 < 0. 14 0.14-0.18 > 0. 18 < 0.15 0.15-0.25 > 0 .25 . 
K,% < 1.0 1.0-1.5 > 1.5 < 1.25 1.25-1.75 > 1.75 < 1.00 1.00-1 .25 > 1.25 < 1.00 1.00-1.50 > 1.50 
Ca,% < 0. 15 0 .15-0.20 > 0 .20 < 0.80 0.80-1.20 > 1.20 < 0 . 15 0.15-0.25 > 0.25 < 0.15 0.15-0.30 > 0.30 
Mg,% < 0. 10 0 .10-0.15 > 0 .15 < 0 .15 0 .15-0.25 > 0.25 < 0 .10 0.10-0.15 > 0.15 < 0.10 0.10-0. 15 > 0 .15 
S,% < 0. 10 0 .10-0.13 > 0.13 < 0 .20 0.20-0.25 > 0 .25 < 0 .12 0. 12-0.15 > 0 .15 < 0 .15 0.15-0.20 > 0.20 
B,ppm < 3. . 3-5 > 5 . < 10. 10-20 > 20. < 3. 3-5 > 5. < 2. 2-5 > 5. 
Cu,ppm < 4. 4-6 > 6 . < 2. 2-4 > 4. < 4. 4-6 > 6. < 2. 2-5 > 5. 
Fe,ppm < 70. 70-100 > 100. < 20. 20-25 > 25. < 10. 10-20 > 20. < 5. 5-10 > 10. 
Mn, ppm < 20. 20-40 > 40. < 15. 15-20 > 20. < 15. 15-25 > 25. < 10. 10-15 > 15. 
Mo.ppm < 0.02 0 .02-0.5 > 0.5 < 0.5 0.5-1 .0 > 1.0 < 0.08 0.08-0.12 > 0. 12 < 0.02 0 .02-0.5 > 0 .5 
Zn, ppm < 15. 15-20 > 20. < 15. 15-20 > 20. < 15. 15-20 > 20. < 10. 10-15 > 15. 
'Plant tissue samples collected by M. 8. Sturgis, J . G. Marshall, J . Y. Oakes, J. L. Rabb, L. W. Sloan, L. E. Golden, 0 . D. Curtis, S. A. Phillips, M. M. Eichhorn, D. P. 
Bligh, M. Amacker, F. J. Peterson, F. E.Wilson, and J. E. Sedberry, Jr. 
2Leaves at first bloom. 
'Common and Coastal bermudagrass leaves and stems at early seed head. 
'Leaf adjacent ta ear at early silking. 
5T op--mature leaf at early ball. 
6Y-leaf when panicle reached 2 mm in length. 
'Top mature trifaliolate leaf at the RS stage of plant development. 
'Fourth mature leaf from top of plant at 4 months of growth. 
'Leaves sampled when first ears or spikes were just visible (Feeke scale 10. 1 ). 
Summary and Conclusion 
Nutrient concentrations in plant tissue data from field experiments 
conducted over a 36-year period were compiled and summarized accord-
ing to deficient, low, and sufficient concentration ranges for optimum 
production. 
Tissue analysis continues to provide a major contribution to agriculture 
by revealing nutritional problems in the field where none is expected to 
exist. This has been particularly important in the field of micronutrient 
element deficiency. Boron, Zn, Cu, Mn, and Mo deficiencies were first 
recognized and corrected through the tissue analysis program. It is an-
ticipated that the information in this publication will be used by producers 
and local agricultural authorities to identify plant nutritional problems 
that would otherwise go unnoticed. 
It should be emphasized that tissue analysis is not a substitute for soil 
analysis, but it should be used in conjunction with soil testing in diag-
nosing nutrient deficiency, sufficiency, or toxicity problems. 
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